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Synthesis  of  Fluorinated  Acetylenes 

Kurt  Baum*  Clifford  D.  Bedford  and  Ronald  J.  Hunadi 
Fluorochem,  Inc.,  Azusa,  California  91702 

Abstract 

Mew  routes  to  fluorinated  acetylenes  were  developed  based  on  additions 
of  lodofluorocarbons  to  silylacetylenes.  Free  radical  addition  of  oc  ,10-dliodo- 
perfluoroalkanes  to  trimethylsilylacetylene  gave  the  iodotrimethylsilylolefins, 
Me2SiICaCa(GF2)nCH=CISiMe2>  which  reacted  with  potassium  t-butoxide  or  DBU  to 
give  the  trimethyl8ilylacetylenes,  and,  with  an  excess  of  the  base,  the  free 
diacetylenes.  Perfluoroalkyl  iodides  similarly  gave  perfluoroalkyl  acetylenes. 
The  addition  of  perfluoroheptyl  iodide  to  phenylacetylene,  followed  by  treat¬ 
ment  with  potassium  t-butoxide  gave  1-phenylperfluorononyne.  The  peroxide  ca¬ 
talyzed  reaction  of  perfluoroalkyl  iodides  and  bis (trimethylsilyl) acetylene 
gave  1:1  adducts,  Rf,(Me2siCH21  JCsCHSiMe^,  resulting  from  Intramolecular  hydro¬ 
gen  abstraction  by  the  initially  formed  vinyl  radical.  However,  the  thermal 
reaction  of  perfluoroalkyl  iodides  and  diiodides  with  bis(trimethylsilyl)acety- 
lene  in  the  presence  of  free  iodine  gave  the  trimethylsilylacetylenes,  which 
were  desllylated  with  potassium  fluoride.  A  route  to  diacetylene6  was  inves¬ 
tigated  based  on  addition  of  perfluoroiodo  compounds  to  ethylene,  dehydroiodi- 
nation,  brominations  anu  eliminations. 


Although  perfluoroalkyl- substituted  primary  acetylenes  have  been  fuiown 
for  three  decades,  perfluoroalkylene  diacetylenes,  HC=C(CF2)nC=CH,  have  not 

2,3 

bees  reported.  Haszeldine  originally  prepared  3, 3, 3-trifluoropropyne  by 

the  addition  of  trifluoromethyl  iodide  to  acetylene  (70-30$)  followed  by  de- 

1+ 

hydrohalogesatlon  (75$) •  Perfluoroethylacetylene  was  prepared  similarly. 

5 

Hence  and  Hager  developed  a  hi gn  yield  multistep  route  to  3, 3, 3-trifluoro- 

propyne  that  avoided  the  use  of  acetylene  under  pressure;  bromination  of  3,3,3- 

trifluoropropene  was  followed  by  dehydrohalogenatlon,  another  bromination,  de- 

6 

hydrohaloge nation  and  dehaloge nation  (Scheme  1).  More  recently,  this  approach 
was  uaed  to  prepare  the  perfluorobutyl,  perfluorohexyl  and  perfluorooctyl 

analogs. 


Scheme  1 

Br2  KOH 

CF^OUCHg  - >  CF jUJBrCHgBr - >  CF^CHDr^ai, 

Br2  KOH  Zn 

- *  CF3C3r2CH2Br  - *  CF^CBr-CHBr  - ■>  CF^ChCH 


Using  ec^e-diiodoperfluorwilkanes  as  starting  materials,  available  from 

7 

the  telomerltatlon  of  tetrafluoroethylene  with  iodine,  we  approached  the  syn¬ 
thesis  of  oc,«A>diacetylenee  using  Henne’s  sequence  (Scheme  2).  Reactions  of 
ethylene  with  1 , U- di iodoperf  luorobutane  and  1,6-diiodoperfluorohexane, 

followed  by  dehydrohalogenationa ,  have  been  reported  to  give  the  corresponding 

8 

<*,u?-di olefins.  Broaine  adducts  of  these  olefins  were  obtained 


2 


in  yield.  The  reaction  of  3» 3A^,5,5»6,6-octafluoro-l,2,7,8-tetrabro- 
nooctane  with  potassium  hydroxide  in  methanol  gave  2,7-dibromo-3,3,4,4,5,5,6,6- 
octafluoro-l,7-octadiene.  Another  bromination  followed  by  reaction  with  metha- 


Scheme  2 

l(C?2)nI  +  au=CH2  — - 

- ->  ICB2C5i2(CF2)nCHrai2I 

KOH 

br2 

- >  CH2*ai(CY2)nCK=GH.t 

— — >BrCH2&iBr(  Ct\,  )nCW:rCH2Br 

n  =  4,  C 

KUll 

BrGH2aiBr(CF2)ltvimrCHor1r - *  OL,=n‘r(CF?.  )4Cdr- CU2 

Br2  KOH 

- > BrCa2CBr«( CF2)4CBr.,CIi2Br  - >  BrCH  CBr(  Ji\)4CBr  =  CHBr 

nolle  potassium  hydroxide  gave  a  complex  product  nfxtrre,  the  r.iajor  component  of  which 
was  isolated  by  GC  and  identified  as  the  desired  l,2,7,8-tet,rabromo-3,3,4,4,5, 
5,6,6-octafluoro-l,7-octadiene.  Although  moderately  ,/ood  yields  were  obtained 
for  each  step  of  the  sequence ,  overall' yields  were  poor.  Therefore,  this  ap¬ 
proach  to  diacetylenes  was  abandoned. 

Trimethyl8llylacetylene  Additions.  The  trimoth ylsilyl  group  is  a  con¬ 
venient  blocking  group  for  the  synthesis  of  acetylenes.  The  synthesis  of 
arylacetylenes  ha3  recently  been  reported  using  a  paladium- catalyzed  coupling 
of  aromatic  halides  with  trinethylsilylacetylene,  followed  by  desilyiatlon  of 
the  resulting  arylacetylene  derivatives  with  nucleophiles.  10 

We  undertook  the  synthesis  of  fluorocarbon  acetylenes  by  the  free  radi¬ 


cal  addition  of  iodofluorocaxlons  to  trimcthyisilylncctylen''. 


Treatment  of  1,6-dliodoperfluorohexune  with  an  exces:;  of  trii.u'thylsilylacety- 
lene  in  the  presence  of  di-t-butyl  peroxide  at  120° C  for  65  h  ,;:ave  a  92$  yield 

of  the  diadduct,  3>3>1',1*,5>5j£,O..7,7,0,8-dodecafluoro-l>lO-diiodo-l,lO-bis(tri!nethyl8i 

1,9-decadiene.  With  a  reaction  time  of  47  h,  a  73$  yield  was  obtained  of  the 
corresponding  product  in  which  only  one  iodine  of  the  1,6-diiodoperfluorohexane 
was  Involved.  A  mixture  of  1,‘  -diiodoperfluorooctane,  l,lG~uiiodoperfluorode- 
cane  and  l,12-diiodoperfluoroc;ciecane,  readily  obtained  from  the  iodin >-tetra- 
fluoroethylene  reaction,  gave  a  95$  yield  of  the  diadducts.  Lower  diiodides, 
however,  did  not  readily  give  diadducte.  Thus  1 , 1  - d i  1  odoperf luorob utane  gave 
a  complex  mixture  containing  33 $  of  the  monoadduct  mid  22#  of  the  diadduct, 
based  on  GC  analysis.  Only  the  monoadduct  was  isolated  from  1,2-di- 

iodoperf luoroethane .  A  monofunctional  starting  material,  perfluoroheptyl 
iodide,  gave  a  92$  yield  of  3> 3»fSl*»5>5>6,6,7»7,8,8,9,9,9-pentudecafluoro-l- 
10do-l-(trimethylsilyl)nonene. 

I(CF2)nI  +  HCcCSiltej  - »  (He3Si)lC«ai(»5,J})nCH»a(CiMe3) 

n  *  6,  0,  10,  12 

GP3^CP2)6i  +  HCsCSiMe-^ - 5.  CP3( OV JgCJi-Cl ( Dilde^j ) 

These  trimethyl cilyl  iouo  olefins  were  obtained  as  a  mixture  of  K  and  Z 

isomers,  separable  by  GC.  Isomer  assignments  were  based  on  NMR  comparison 

11 

with  the  hydrocarbon  analogs.  The  vinyl  proton  of  (L)-l-iodo-l-trimethyl- 
silylhexene  appears  at  *7-1  (t,  .  8  Hz)  and  that  of  the  (2)  isomer,  at  *6.1 

(*#  ^  Hz). The  respective  values  for  the  fluorinated  compounds  are <$7.1 

(t,  Jjy  ■  Hz)  and  6.8  (J^p  ■  10-13  Hz).  The  sllyl  methyls  for  the  (E)  iso¬ 

mers  appear  as  triplets  whereas  those  of  the  (z)-isomers  appear  as  singlets. 


The  ot-CPg  groups  of  the  (E)- isomers  appear  at  luY-10y  and  those  of  the 

(Z)-lsomers,  at  111-113  ppn. 

Dehydroiodination  of  these  1 -iodo-l-(trimethylsilyl)olefins  was  quite 
sensitive  to  the  types  of  basic  reagents  that  were  employed.  The  reac¬ 
tion  of  (Me3Si)IC=CK(  J?£)6CH=v.T(3iMe^)  with  methanolie  potassium  hydroxide  at 
room  temperature  gave  a  56. 5$  yield  of  IOT=CH(CfU)6CH*CHl,  and  attempts  to 
dehydroiodlnate  this  olefin  were  unsuccessful.  The  most  satisfactory  reagents 
to  effect  elimination  to  the  r.ilyl  acetylene  were  potassium  t-butoxide  in 
methylene  chloride  at  -20°C  and  DBU  in  tetrahydrofurun  at  -P5°C.  An  excess 
of  the  reagents  gave  the  free  acetylene  under  the  same  conditions,  or  potas¬ 
sium  fluoride  could  be  used  fur  the  desilylation.  The  former  reagent  give  a 
32.5$  yield  of  HC&^CFo^CiCSi  from  the  iodo  silyl  olefin,  um>  the  latter,  43 
to  72$.  The  analogous  dodccadiyne,  tetradecudiyne  und  hexndecudiyne  were  pre¬ 
pared  from  the  mixture  of  the  iodo  silyl  olefins  described  above,  and  penta- 
decafluorononyne  was  prepared  similarly. 

KO-t-Bu/GH2Cl2 

(Me3Si)lC=CH(Cy2)n(:31"a^iMe3J  - - >  Me3SiCsC(CF2)nCsCSlMe  , 

or  ^ 

DBU/U1F 

- »  B(^C(CFV,)nCaCa  n  »  6,  8,  10,  12 

GF3^GF2)6aa=CI^SiMe3)  - *  CF3(CF?)6C3ai 

Another  terminal  acetyli  ne-  that  underwent  free  radical  addition  of  an 
iodOfluoro carbon  war  rhenylrv-v  ■  t\  lene .  An  adduct  with  perfluoroheptyl  iodide 
was  obtained  in  8<$  yield,  an  3  its  reaction  with,  potassium  t-butoxide  in 
methylene  chloride  gave  a  7 flf  yield  of  the  acetylene.  Several  adducts  of 

12 

fluorocarbon  iodides  with  aliphatic  acetylenes  have  been  reported  recently. 


"1 


t-Bu-O-O-t-Bu  KO-t-Bu 

CkHcCaCH  +  I(CF2)6C3;% - >  q6H5IC=GH(CF1=)6aF. 

?  3  120 °C  - 


>  c^c^cr^c. 


Bis(trimethylsllyl)acetyiene  Additions.  In  the  formation  of  acetylenes 
from  the  adducts  of  fluorinatod  iodides  with  trimethylsilyhacetyiene,  the 
ability  of  iodine  to  function  as  a  leaving  group  is  evidently  enhanced  by  the 
adjacent  sllyl  group.  Accordingly,  adducts  of  b i s  ( t r inethyl r, i iy i ) ace t ylene 
would  be  expected  to  provide  acetylenes  readily. 

Iodofluorocarbons  were  found  to  react  with  bi.~(trimethylsilyl)acetylene 
at  120°C,  in  the  presence  of  di-t -butyl  peroxide,  to  give  high  yields  of  pro¬ 
ducts  that  were  shown  to  be  1:1  adducts  by  elemental  analysis.  Adducts  were 
obtained  from  1,6-diiodoperfluorohexane,  perf luoro;n  opyl  iodide  and  :>erfluoro- 
heptyl  iodide  in  75  £>5$  yield.  The  NMR  spectra,  however  showed  an  olefinic 
hydrogen,  and  two  silyl  hydr..-ns  shifted  to  $  2.05-2.06.  Evidently,  free  ra¬ 
dical  hydrogen  transfer  took  -.  luce,  as  shown  in  Jic’icme  3. 

Generally  in  free  radical  catalyzed  iodide  additions,  a  radical  derived 
from  the  catalyst  abstracts  an  iodine  atom  from  the  alkyl  iodide  and  the  re¬ 
sulting  free  radical  adds  to  the  unsaturated  substrate.  The  new  radical  thus 
formed  would  normally  abstract  an  iodine  atom  from  the  starting  material  to 
propagate  the  chain  mechanism.  In  this  case,  however,  the  trieethylsilyl 
hydrogens  are  favorably  situated  for  intramolecular  hydrogen  abstraction  to 
give  a  sllylmethylene  radical.  Abstraction  of  iodine  from  the  starting  mate¬ 
rial  gives  the  observed  product  and  regenerates  a  fluorocarbon  radical.  Intra¬ 
molecular  hydrogen  abstractions  of  this  type  are  well  known  in  other 
systems, 


6 
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V  cf3(cf2)2-,  cf3(cf2)6- 


It  was  reasoned  that  this  intramolecular  hydrogen  transfer  nl,;ht  be 
averted  if  a  better  source  of  iodine  radicals  were  available  to  trap  the 
initially  formed  vinyl  radicals.  The  desired  reaction  took  siaee  in  the  pre¬ 
sence  of  a  catalytic  amount  of  elemental  iodine  at  200°C.  Under  these  condi¬ 
tions,  l,8-diiodoper:'iuorooct  tne  cave  an  Q6%>  yield  of  1,1?- bis  (trim-ethyls  ilyl)- 
perfluoro-1, 11-dodt-cadiyne.  Thus,  the  initial  adduct  spontaneously  elimina¬ 
ted  trimethylsilyl  iodide  to  ,ive  the  silylated  ac-tylene 

I(CF2)sI  +  Me3SiCaGCiMe3 
- >  ISiMe3  +  Ke3CiteC(a*r)gCeCSiMe3 

Monofunctional  perfluoroalkyl  iodides  reacted  similarly;  l-triincthylsilyipor- 
fluorononyne  was  isolated  in  65%  yield  from  jorfluoroheptyl  iodide,  whereas 
1-trimethylsi.lylperi’luorooctyri-',  l-triraetiiylsilyiperfluorwh.  eyne  and  1-tri- 
methylsilylporf  luoro  do.iecync  were  obtained  fro::.  :.i  commercial  mixture  of  aor- 

fluoroalkyl  iodides. 

l,12-Bis(trimethylsilyi  )i5cri‘.tuoro-l,ll-dodecn.diyne  wu.  uesilylatcd  with 
potassium  fluoride  dihydrate  to  .yive  a  '{%  yield  ■>:’  the  free  diacctyien  •.  Po¬ 
tassium  carbonate  in  methanol,  the  desilyJation  ra,  ;ent  of  ei.oice  for  r.ryl- 
10 

silylacetylenes,  could  not  bo  used  because  of  the  susceptibility  of  the  fluorlna- 
ted  acetylenes  to  nucleophilic  additions.  Thus ,  i  (trin.eth;.Ir ilyl) serf luoro- 
nonyne  and  methanol- potassium  carbonate  at  room  temperature  tj ive  a  73p  yield 
of  1, l-dimethoxy-3,3,iS^j5»5»,;  . 6,Y,7,8»G,9»9»9-ptntsdecafl>h>rononarc  and  an 
11$  yield  of  the  l-nethoxynonenc.  The  reaction  of  tri fluoropro; ync  vita  so¬ 
dium  alkoxides  to  plv  ■  3,3,3  tri i'luoro- 1  -a IV.oxy  pro m. : uv a  bar  been  reported.^** 


(Tm.;3S1  )10-C(diMe3)( Cr2 ) s(;  i:'c3) .J, Cl(oiKc3) 
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7 


kf-;hi^o 

Me,SiC£C(CFC))ACfiCSiMt>  . --->  HC*C(CF.,)gC  C3! 

3  d 


JUCsCSiMe,  — 2-J->  R  GI  Ql(OMe )  +  H  dUOIOMe 

T  3  MeOH  F  2  * 


Reactions  of  lover  diio Aides  with  bis ( trimethyls 11* '1 )aeetylene  were  con- 
plicated  by  the  formation  of  cyclic  products  by  the  involvement  of  both  iocine 
functions  with  the  sar>..:  acetylene  molecule.  The  1 . 4-diiodoperf  luorobutar.e 
gave  an  8l/6  yield  of  a  product  with  elemental  analysis  consistent  witxi  1-iodo- 
2-(trimethylsilyl)perfluorocyclohexene,  or  its  isomer,  iodo(trimethylsilyl)- 
methylenecyclopentano . 

1  SiKe-,  I-C-Dilfc, 

t  !  3  !! 

c  — c  c 


/  \ 

1(CF2)4I  +  Me3SiC?:C3iMe3 - >  CF2  OF,,  or 

s  cf2  ~cf2 


/  \ 


CF.i  .Jit 

!  "  I  " 

CFo  —  CIT 


The  correspond:!;  cyclic  adduct,  as  well  as  l,10-bis(trimethylsilyl;per- 
fluoro-1, 9-decadiyn',  was  obtained  from  1,6-diiodoperf iuorohexanc .  The  ratio  of 
these  products  was  a  function  of  the  amount  of  Mo(trimcthylsilyl)ac«.'tylene  ur^d. 
The  ratio  of  acetylenic  product  to  cyclic  olefin  varied  from  0.3  for  equimolar 
amounts  of  the  startin',  materials  to  T>5  for  a  fourfold  exc-sr.  of  Vic(i rincthyl- 
6 ilyl) acetylene.  As  Is  the  case  for  the  above  example,  the  spectral  evidence  does 
not  clearly  differentiate  let  wen  the  exoeyclic  and  endocyclJc  olefin  structures 
for  the  cyclic  adduct. 

Thus,  peri'luoroalkyl  acetylenes  as  well  as  x,<i>-perfluoroalkylene  diacety¬ 
lenes  are  available  from  lodefluorocarbon  reactions  with  trimvthylsilylacetylene 
and  with  bi8(trimethyl3ilyl)aeetylene.  Trimorizution  and  po!ym»ri  :m.t  ion  studies 
with  these  acetylenes  will  be  reported  elsewhere. 
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Experimental  Section 

A  Varlan  920  chromatograph  with  a  10  ft  x  3/8  in.  column  of  10*  uF-1  on 
acid-washed  Chromooorb  W  was  used  for  both  analytical  and  preparative  gas  chro¬ 
matography.  NMR  spectra  were  obtained  with  a  Varian  T-60  spectrometer,  and  IR 
spectra,  with  a  Perkin-Elmer  700  spectrometer. 

3.3>4)4,‘?,5,6,f-CctafIuorc>-l,o-u..iiodcoctane.  Ethylene  (0.C50  mol)  was 
condensed  at  -130°C  (n- pentane  liquid  nitrogen  bath)  into  a  75  mh  Monel  cylin¬ 
der  containing  11.4  g  (o.u25  mol)  of  1,4-diiodoperfiuorcbutun*:  ana  G.2  ah  of 
dibutyl  peroxide.  The  cylinder  was  sealed  and  heated  for  22  h  at  13g°C. 

Hie  product  was  extracted  with  two  50  nL  portions  of  methylene  chloride  and 
the  solution  was  wasr.ed  with  t*o  25  mL  portions  of  0.1  N  sodium  thiosulfate 
and  dried  over  magnesium  sulfate.  Removal  of  the  solvent  gave  10.4 
(82*)  of  white  solid.  An  analytical  sample  was  rcery stalls zed  from  methanol: 
mp  89-91°C;  'H  NMR  ( jn  Gl3) 2.  ;,8  (m,  4  H,  (2U),  3-16  (m,  4  II,  %  HMR 

( CDCl^)  <j>  118.0  (t,  4  F,  J=  11.3  l’z,  CF2),  126.0  ppm  (t,  4  F,  J-.11.3  H  ’ ,  JF-,). 
Anal.  Calcd  for  CgHQF^I.:  C,  18.84;  H,  I.58;  Found:  j.8.70;  ii,  I.65. 

■3j3j4,4t5,5,6,fc,7,7,8,  S-fodecafiuoro-1, 10-diiododecane.  The  above  pro¬ 
cedure  using  1,6  diiodoperfluorohexane  gave  a  76*  yield  of  white  solid,  mp  C9-71°C: 

,  *  •  19 

•H  NMR  (CDCl3)f  2.60  (in,  4  H,  CH2),  3-16  (m,  4  H,  CIEJ);  F  NMR  (CDdj)  0 

116.4  (a,  4  F,  CF2),  124.8  (ra,  4  F,  CFg),  123.2  ppm  (m,  4  F,  CFg). 

3»3»4,4,5,5>6,6-Octafluoro-l,7-octadiene.  A  solution  of  20  ;?  (0.039  mol) 

of  3#3>4,4,5,5>6,6-octafluoro  i,8-diiodooctane  and  4.5  g  of  potassium  hydroxide 

in  15  mL  of  ethylene  glycol  was  heated  with  stirring  at  l4o°C.  The  product, 

7*25  g  (73$)  of  coloi'leos  oil,  bp  82-87°,  distilled  from  the  reaction  mixture 

as  it  was  formed.  An  analytical  sample  was  isolated  by  GO:  T  NMR  (CDG'l  ) 

lo  ^ 

1  5. 6-5. 9  (m,  6  K,  aU=CH);  V  NMR  (CDClj)  0  115-7  (m,  4  !•’,  GrV,),  174.8  *  prn 

(t,  4  F,  J=11.3  Kz,  OF.,). 


10 


Anal.  Oiled  for  C,fi(FQ-.  c,  37-81;  H,  £>.38;  Pound:  C,  37-55;  H,  2.10. 
h3AJ^5f5t6,6,7,7,8J  8-  Dodecaf luoro-lt  9-decadlene.  The  above  procedure 


using  l,10*diiodo-3,3>4,4,5,5,f >6>7>7>8,8-dod<?cafluorodecanc;  gave  an  8f%  yield 
of  3> 3>4,4,5, 5>6,6,7>7,S,8-dodocaf luoro-1,9 -decadieno,  bp  135-137°C:  'I!  NOT 

(CDC13)(£  5- 5-5- 8  (a,  o  H,  CHp-ili);  19F  NMR  (CDClj)  0  116.8  (a,  4  F,  CF2), 

126. 4  (m,  4  F,  CF2),  124.1  ppm  (m,  4  F,  CF2)- 

Anal.  Oalcd  for  Ci0K6rL,  :  C,  33-92;  H,  1-71;  Found:  C,  33-66;  1!,  1.6o. 

L3AA,  5>5#6>6-Octafluoro-l,2,7,8-tetrabromooc:tane.  A  solution  of  6.0  g 
(0.023  ool)  of  3>3,4,4,5,5,6,f>-octafluoro-l,7-octadiene  and  2.56  mo  (0.046  mol) 
of  bromine  in  10  aL  of  chloroform  was  Irradiated  with  a  Par  lamp  for  1  h. 
Methylene  chloride  (20  ml)  war.  added  and  the  solution  ■•■'as  warned  with  two  10  mL 
portions  of  1  H  sodium  thiosulfate  and  dried  over  mgncr.lur.  sulfate.  Removal 
of  solvent  under  vacuum  gave  .10.05  t.  (74%)  of  a  white  roiid.  iiocry3talliaation 
from  methanol  afforded  an  analytical  sample,  mp  32-34°C:  '  ii  NMR  (CUCi-, )6  3.72 


(m,  4  H,  CH^Br),  4.24  (m,  cl  H,  diiflr); 
121.6  ppm  (m,  4  F,  Ct'-. ) . 

Anal.  Culcd  for  CgllgKg] '-r^ :  C, 


lyF  NOT  (CDi:i3)  0  114.7  (a,  4  F,  CrV.) 
16.75;  H,  1.05;  Br,  55-71;  Found:  C 


16.76;  H.  O.99:  Br,  55-40. 

3-  3,4,4, 5, 5,6.6./ , 7,8,0-Podecafluoro  1,2, 9- 10  te trabromoiecanc .  Proni- 


nation  of  3>3>4,4,5,5,t>,6,7,7,6,8-dodecafluoro  1,9  docadiene  by  the  above  meth¬ 
od  gave  a  91%  yield  of  the  solid  product, mp  43-45°C:  'H  NOT  (0)013)^3.59  (m, 

4  H,  CRgBr) ;  4.20  (m,  2  H,  CHBr);  19P  NMK  (CDCI3)  ^  114.8  (re.  4  I',  CF\), 

121.7  ( 4  F,  CF2),  124.4  ppm  (:n,  4  F,  CFg). 

Anal.  Oiled  for  CL o«6Fl,!*rit:  C,  17-83;  H,  O.90,  Found:  C,  18. 01;  H, 


0.98. 

2 , 7  -Dihromo  3,  3 . 4 , 4 , 5 , 5 . t'  .6  octofljwro  1,7  -octidiene.  A  solution  of 
1.5  C  of  potassium  hydroxide  and  7.0  g  (0.012  mol)  of  3, 3,4 , 4 , 5 , 5,6,6-octa- 
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fluoro-l,2,7>8-tetrabromooctam:  in  15  raL  of  methanol  vas  heated  with  stirring 

for  1  h  at  60°C.  The  product  vas  diluted  with  50  nL  of  methylene  chloride, 

washed  with  £-50  mL  portions  of  vater,  dried  over  6odium  sulfate  and  stripped 

of  solvent  under  vacuum  to  giV'  3.8  g  (75^)  of  a  colorless  oil.  An  analytical 

sample  was  isolated  by  GC:  'K  Ni!R  ( CDC1,)  6.  l6  ( rn,  1  II,  J„  „=  3.G  llz,  c'  ) 

•,{  h.H  -g 

6.42  (d,  2  H,  J  =  3-0  Hu,  C'~  );  19P  NMR  (CDCl,)  0  110.8  (t,  4  F,  .Vll.3 
K,n  *'  n  j  v,t 

Hz,  CF2),  122.0  ppm  (t,  4  F,  J..  p»  11.3  Hz,  (3V,). 

Anal.  Chlcd  for  C^H^FgBr  :  C,  23-33;  II,  O.9Q;  Found:  C,  23.6.';  K,  0.91. 

l»^>7t8~Tetrabromo-3»3>4,4>5,5.6,6-octafluoro-l>7-octauienc.  A  solution 
of  2.4  g  (0.0058  mol)  of  2,7-dibromo-3,3»4,4,5,5,6,6-octafluoro-l,7-octadiene 
and  1.86  g  (0.0106  mol)  of  bromine  in  15  mL  of  chloroform  was  irradiated  with 
a  Par  lamp  for  1  h.  The  mixture  was  diluted  with  20  mL  of  methylene  chloride, 
washed  with  2-10  mL  portions  of  1  N  sodium  thiosulfate,  dried  over  magnesium 
Bulfate  and  stripped  of  solvent  under  vacuum  to  give  2.9  g  of  white  solid. 

This  solid  was  stirred  for  1  h  with  a  solution  of  0.5  g  of  potussium  hydroxide 
in  15  mL  of  methanol.  The  mixture  was  added  to  25  ml  of  water  and  the  product 
extracted  with  35  :nL  of  methylene  chloride.  The  methylene  chloride  solu¬ 
tion  was  washed  with  50  mL  of  eater,  and  dried.  Solvent  vas  removed  to  give  1.2  g 
of  an  oil.  GC  showed  a  complex  mixture  from  whicn  the-  major  coinonent  vas  trapped  an 

identified  as  l,2,7,8-tetrabromo-3, 3>4,4,5,5>6,6-octafluoro-l,7-c.ct!idiene : 

19 

’H  NMR  (CDCl^Jcf?^  ppm  (br  s,  OI);  F  NMR  (CDCi^)  0  108.0  (t,  4  F, 

CFg),  121.2  ppm  (t,  4  F,  CFg). 

Anal.  Chlcd  for  CgHgFgBr^:  C,  16.87;  H,  O.35.  Found:  C,  17-09;  H,  0-50. 


3>  3,4,4, %i $>6,6,7, 7>8,8~:X:decafluoro-l,  10 -dl lento  - 1, 10  bis(trlmcthyl- 
sllyl)-!, 9-decadiene.  A  mixture  of  3-3  G  (6.0  mmol)  of  1,6-oiiodop'rrf luoro - 
hexane,  1. 5  g  of  trinothylsilylacetylene  and  0.5  raL  of  di-t- butyl  peroxide 
was  heated  in  a  sealed  plans  tube  under  nitrogen  for  65  hrs  at  120°.  The  pro¬ 
duct  was  dissolved  in  SO  raL  ol‘  methylene  chloride,  dried  ever  magnesium  sulfate 
and  stripped  of  'solvent  under  vacuum  to  g1vc  4.2  0  (92$)  of  the  title  connound 
as  a  mixture  of  E/E,  Z/Z  and  E/Z  isomers,  analytically  pure  without  further 
treatment:  proton  MMR  CDCl^S^.P-3  (t,  =  15  Hz,  =CH-,  E  isomers),  S 6. 60 

(t,  JjjpO  13  Hz,  «CH-,  Z  isomers)  O.35  (t,  CH-^Si,  E  isomers)  and  0. 25  ppm  (s, 

19 

CH^Sl,  Z  Isomers);  F  BUT.  (CDCl^)  p  lo8.4  (m,  =CH-CFp-,  E  isomers), 

111.6  (m,  gQl-CFp  ,  Z  isomers).  123-2  (m,  CF^  internal)  and  IZ'4.4  ppm  (m, 

»Q1- CFpCFp  ) . 


Anal.  Calcd  for  Cl65i20F]rI2Si2 :  C,  25-61;  II,  2.69;  F,  30.39;  I,  33-83- 
Found:  C,  25-52;  H,  2.60;  F,  30.15;  I,  33-67- 

3i.UtAA5  ,6, 6, 7.7. 8.8-  iWocaf luoro- x, 8-dilodo  1-trlmeti  ylsilyloctene. 
When  a  heating  period  of  only  ^7  h  at  120°C  was  used  with  th"  above  reactants, 
a  72$  yield  of  the  monoadduct  obtained  as  a. 70:30  mixture  of  E  and  Z  iso¬ 
mers.  The  isomers  v  r-.  semra1.  .  d  by  GC:  isoni'r  Mi  NMh  c(  7. 15  (t,  1 

JH  F»  Hz,  CH),  0.35  ?pm  (  t.  9  U,  CHj);  19F  HMFt  P  65-5  (t,  .1  F, 

CF„I),  103.4  (q,  2  F,  J?«),  1 : ■  . 2  (a,  2  F,  CF.,).  M".6  (m,  4  F,  CrV),  124.4  ppa 

c-  *■ 

(m,  2  F,  CP2). 


Anal.  Calcd  for  .1,-Si :  C,  20.26;  11,  1.55;  F,  3^-96;  I,  28-92. 

Found:  C,  20.25;  H,  1.S7;  F,  34.76;  I,  38.66. 

Z-isomer  'H  MMR  ( CDClj ) J  6 - 70  (t,  1  H,  JKjF=  13  Hz,  CH),  0.25  ppn  (s,  9  H, 
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19  , 

CB3)j  F  row  (CDC13)  0  65.6  (t,  2  F,  CFgl),  m.6  (q.,  2  F,  CF2),  115.2  (m, 

2  ?,  <*2),  122.8  (n,  4  F,  CP2),  124.4  ppa  (m,  2  F,  CFg). 

Anal.  CUcd  for  c11H10F12I2Si :  c>  20-26i  H>  1*55;  F»  34.96;  1,  38-92. 
Found:  C,  20.21;  H,  1.52;  F,  34.69;  I,  38.85. 

IlIAl  4, 5 ,5, 6, 6, 7, 7, 8, 8, 9>9,10,10-Hexadecafluoro-l,12-dllodo-l,12-bls- 
(trlmethylsllyl)-l.ll-dodecadlcne,  3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,12- 
12-elco»afluoro-l,lU-dliodo-l>li4-bl8(trimethylsllyl)-l,13-tctradecadlene.  and 
3,3,4,4,5.5.6,6,7,7.8,8,9,9,10,10.11,11,12,12,13,13.14,14-tctraelcosafluoro- 
1,16-dllodo-l, 16-618 (trlmethylsllyl)-l,15-hexadecadiene.  Treatment  of  16.35  g 
(0.025  moles)  of  a  mixture  of  1 , 3-di todopcrf luorooctano ,  1, 10-di lodoporfluoro- 
decane  and  1,12-diiodoperfluorolodecane  with  5  G  of  triraethylGilylacetyiene 
and  2.5  mL  of  di-t-butyl  peroxide  by  the  above  procedure  yielded,  after  48  hrs  of 
heating,  16.1  g  (95^»)  of  a  mixture  of  the  title  compounds,  as  an  equal  mixture  of 
E  and  Z  Isomers:  'H  Ml®  (0001^)^7.25  (t,  2  H,  JJIF  *  15  Hz,  =CH,  E  isomer), 

6.70  (t,  2  H,  Jgp  «  13  Hz ,  =Gl,  Z  isomer)  0.33  (t,  10  11,  Hitil^,  E  isomer)  and 
0.27  ppm  (s,  18  H,  SiGEIy  Z  isomer);  19F  NMR  (CDC13)  <j>  108.4  (m,  4  F, 

CH-CFg,  E  Isomer)  111.6  (m,  4  F,  GHCF^,  Z  iBomer),  123-2  (m,  O ^  internal)  and 
124.2  ppm  (m,  -OH-GF^-CSV,). 

3, 3,4, 4, 5, 5,6, 6,  V,7,8,8, 9,9,9-Pentadecafluoro-.l-  iodo-l(trlmethylsllyl)- 
nonene.  A  mixture  of  3*0  g  (6.0  mmol)  of  perfluorobeptyl  iodide,  0.60  g  (6.0 
mmol)  of  trlmethylsllylacetylcno  and  0.5  mL  of  di-t-butyl  peroxide  war.  staled 
in  a  glass  tube  under  nitrogen  and  heated  at  120°C  for  48  hrs.  The  product  vus 
dissolved  in  methylene  chloride,  and  dried  over  magnesium  sulfate.  Removal  of 


solvent  under  vacuum  gave  3*31  g  (92^)  of  a  colorless  oil,  which  proved  to  be  an 
equal  mixture  of  E  and  Z  isomers  of  the  title  compound.  The  isomers-  wore  separated  byi 
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i 

) 

E  lEooer  proton  IMS  (CDCl^):^  Y.10  (t,  1  Ii,  J^p=  15  hz,  -Cl!),  0.33  ppm 
(t,  9  H,  SiCH3)j  "9F  NMR  (CDCi3)  j>  85. 2  (t,  3  F,  CF3),  108.4  (<i,  2  F, 
■QB-CFq),  124  (a,  8  F,  CFg)  and  127*6  ppm  (o,  2  F,  -CHCF~C?.- ) ;  Z  iso oer  proton 
NMR  (CDCl3)/6.58  (t,  JHF-  12  V.z,  1  H,  «CH),  0.25  ppm  (s,  9  K,  SiCHJ; 

19F  NMR  (CDC13)  $  6). 2  (t,  3  F,  Cb'^)t  111.8  (1,  ;  F,  =giCF^) ,  124  (m,  8  F, 

CF2)  and  127*6  ppm  (n,  2  F,  =C2C?0  CF^). 

Anal.  Oiled  for  C^^F^lSi:  C,  24.14;  II,  2.19;  F,  47.72;  1,  21.25* 

Found;  C,  23*93;  H,  1*99;  F,  47. 60;  1,  21*57* 

Reaction  of  1,4-Dilodopcrfluorobutane  with  Trlracthylsllylacetylene.  A 
mixture  of  1.4  g  (3*0  mmol)  of  1,4-diiodoperfluorobutane,  0.90  g  (9*2  mmol)  of 
trimethylsilylacetylene  and  0.2  g  {1.4  mmol)  of  di-t-butyl  peroxide  was  heated 
in  a  sealed  tube  for  6  days  at  120°C.  GC  analysis  (150-185°C)  showed  7  compo¬ 
nents,  12%,  £3%,  20%,  13%,  6%,  22%  and  3%  of  the  sample,  respectively.  The 
first  component  consisted  of  1 ,4-dilodoperfluorobutanc  and  trlrncthylsilylace- 
tylene.  The  second,  fifth  ana  last  components  vert-  not  identified.  The  third 
component  identified  ar*  di'iedo-l-tri:.iCthylsil;.M-3,3>,»>4, 5,5,6, C-octnfluoro- 

hexene:  *H  NMR  (CDC13),  S  7*12  (t,  JKp*  15  hz,  1  II,  HC---C),  O.35  ppm  (t,  J  =  1.5  \\z 
9  H,  CH3);  19F  NMR  (CDCI3  )  <j>  64.8  (t,  2  F,  -CFgl),  I08.2  (*,  2  F, 

-CF5>-C(H)*C),  114.8  (n,  2  F,  Ct2),  1^3-4  ppm  (t,  2  F,  CF^). 

Anal.  Cfelcd  for  C^H^F^I-Si;  C,  19*50;  H,  1.83;  F,  27*53;  I,  45-98* 

Found;  C,  19-70;  H,  1.76;  F,  27.39;  1,  45.70. 

The  fourth  fraction  consisted  of  a  1:1.5  (E)/(/.)  isomer  mixture  of  the  above 

compound.  Assignments  for  the  2  isomer  an;  as  follows:  'H  NMR  (C0C13) 

19 

6  6.60  (t,  JH>F«  12  Hs,  1  H,  0=01),  0.22  ppm  (0,  9  li,  -CH3);  F  NMR  (CDC13  ) 
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w 

i  j 

64.8  (t,  2  F,  -CFgl),  112.0  (q,  2  F,  -CFg-COO-C),  114.8  (m,  2  F, 

CFg),  123*4  (t,  2  F,  2FV,) .  The  sixth  conponent  was  an  (E/E)/(Z/Z)/(E/Z)  mix¬ 
ture  of  3/3#4,4,5,5>6,6-octafluoro-l,8-diioda-l,8-bis(trimethyl8ilyl)  -1,7- 
19 

octadlene:  F  13®  (CDCl^)  <|>  116.9  (m,  2  F,  -CFg-C(H)=rC,  E-isooer), 

117*9  (m,  2  F,  -CF2-C(H)=C,  2-isomer),  120.0  (m,  2  F,  CFg),  132.1  (a,  2  F,  CF2), 
134.0  ppm  (a,  2  F,  CF2);  IR  (film)  3005  (Si  CH3),  2950  (Si  GHj),  1585  cm'1  (C= 

CH). 

Anal.  Chlcd  for  CjL4HgoF812sl£:  c»  25*86;  K,  3*10;  F,  23.37.  Found: 

C,  26.17;  H,  3*01;  F,  23.81. 

Reaction  of  Tetrafluoro-l,2-diiodoetliane  with  Trimethylsilylacctylene . 

A  mixture  of  0.106  g  (0*30  mnol)  of  tetrafluoro-l,2-diiodoethane,  0.088  g 
(O.90  mmol)  of  trimethylcllylacetylene  and  0.007  S  (0*05  mmol)  of  di-t-butyl 
peroxide  was  heated  in  a  sealed  tube  for  36  h  at  120°C  and  25  h  at  150°C.  GC 
(130°C)  shoved  that  the  major  product  was  (E)  and  (z)-3» 3>4,4-tetrafluoro-l,4- 
diiodo-1- trimethylci ly lbutene :  (E)  isomer  'H  NMR  (CDCl^  )  7  •  3  -  (t  of 

t,  J  «  14.5  and  1  Hz,  1  H,  CFmC(K)=C),  0.36  ppm  (t,  J  “  1  Hz,  ^  H,  SiG^); 

19F  NMR  (CDCI3)  $  66.2  (t,  JFF«  8  Hz,  2  F,  ICF2-),  102.8  ppm  (m, 

2  F,  ICygOPg-);  (Z)  isomer  *li  NMR  (CDCI3  )  S  6.79  (t  of  t,  J  *  12  and  1  Hz, 

1  H,  CF2C(H)-C,  0.31  ?pm  ( s,  9  H,  -SiCHj);  F  NMR  (CDClj)  <}>  66.8 

(t,  Jpp-  10  Hz,  2  F,  ICFg-),  107*0  ppm  (m,  2  F,  ICFgCFg-). 

Anal.  Chlcd  for  C^Hj^F^Si :  C,  18.60;  H,  2.23.  Found:  C,  18.65; 

H,  2.05. 

3»3.4,4,5,5t6,6,7>7.8,8-I>odecafluoro-l,10-dilodo-l,9-decadlene.  A  solu¬ 
tion  of  0.5  g  of  potassium  hydroxide  and  1.0  g  (1.3  mmol)  of  3>3*4,4>5> 5,6,6, 
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7,7>B>8-dodecafluoro-l,10-diiodo-l,10-biG(trimethylsilyl)-l, 9-decadiene  in 
20  mL  of  methanol  vas  allowed  to  stand  for  18  h.  The  solution  was  diluted 
with  100  mL  of  water  and  the  i  roduct  wa3  extracted  with  2-50  mL  portions  of 
methylene  chloride,  washed  with  'water,  dried  over  magnesium  sulfate  and 
stripped  of  solvent  to  give  0.46  z  (56.5$)  of  a  l»l«  yellow  oil  that  solidi¬ 
fied  on  standing.  An  analytical  sample  vug  obtained  by  GC:  mp  42  44°C; 

•H  NMR  (CDC13)J  7.22  (2  H,  16  Hz,  1  Hz,  CHI),  6.60  ppm  (2  II,  = 

16  Hz,  JHF-1 2  Hz,  Q i);  19F  HMR  (CDClj)  <j>  U3-6  (m,  4  F,  CJV,),  122.8  (m,  4  F, 
CF2),  124.4  ppm  (m,  4  F,  CFg). 

Anal.  Qalcd  for  qo^F^-Io;  C,  19.82;  IS,  0.66;  F,  37-62;  1,  41.89. 
Found;  C,  19-93;  H,  0.72;  F,  3/.40;  1,  41.78. 

Po lecafluoro- 1, 9-docadlyne.  A  mixture  of  15  g 
of  potassium  t-butoxide  and  250  mi.  of  methylene  chloride  vas  stirred  under 
nitrogen  at  -20°C  and  12.8  g  (c.017  mole)  of  l,10-diiodo-l,10-bis(trinethyl- 
silyl)-3^ 3»4,4,5»5»6,6,7,7/B/6-(iodi.cafluoro-l,9-decadiene  vas  added  dropwise. 
The  slurry  was  stirred  for  1  hr  at  -20°  and  for  4  hrs  at  0°,  and  then  100  ml 
of  3  Jf  hydrochloric  acid  was  added.  The  mixture  was  stirred  for  1  h,  and  the 
organic  layer  was  washed  with  water,  dried  and  distilled  to  give  I.92  <;  (32.5$) 
of  the  title  compound,  bp  55-59°  (15-20  mm):  'H  HMR  (CDCl^) J  2.93  ppn  (t, 

2  H,  JHp*  4.5  Hz,  CH);  1V  NKft  (CDClj)  (>  102  (m,  4  F,oc-C?p),  123. 0  (a, 

4  F,  ff-CF2)  and  124.4  ppm  (a,  4  F,  (}  -CFg);  IR  3350  (Cll),  2200  (C?C)  and  1165 
cm"1  (CF2). 

Anal.  Chlcd  for  C^H^F^:  C,  34.31;  li,  O.57.  Found;  C,  34.06;  H,  O.56. 

Alternatively,  1 , 8- d iambi c  vc  lo  [jj  •  4 .  <5] unde c -7 - e ne  (DBU)  was  used  for  the 
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elimination.  To  a  eolution  of  20.0  g  (0.0256  mol),  of  3, 3, 4, 4,5,5, 6,6, 7, 7, 8, 
8-dodecafluoro-l,10-diiodo-l,10-bis(trimethylsilyl)-l,9-decadiene  in  160  mL 
of  freshly  distilled  tetrahydrofuran  at  -25°C  under  nitrogen  was  added,  over 
a  10  min  period,  8.8  mL  (0.08  mol)  of  DBU.  The  mixture  was  stirred  for  1.5  h 
at  -25°C  and  was  filtered.  The  precipitate  was  washed  with  pentane  and  the 
combined  solutions  were  washed  with  saturated  sodium  chloride  solution  and 
filtered  through  a  short  column  of  basic  alumina.  Distillation  gave  the  di¬ 
acetylene  in  45  to  72^  yield. 

3*  3,4,4, 5, 5, 6, 6, 7,7, 8, 8, 9> 9il0. 10-Hexadecafluoro-l,ll-dodecadiyne,  3,3, 
k,  4, 5 1 5,  6,6,7, 7>  8,  8,  9, 9, 10 » lOi 11,11,12, 12-Eicosaf luoro-l, 13- tetradecadiyne, 

3iM, 5, 5»M,7. 7, 8, 8,9,9^0,10. 11, 11. 12, 12,13, 13,14, lU-Tetraoicosu- 
f luoro- 1 , 15 -hexade cad i yne .  A  slurry  of  3  g  (26  ramol)  of  potassium  t-butoxide 
in  ho  mL  of  methylene  chloride  vus  stirred  under  nitrogen  at  -20cC  while  8.2  g 
of  a  solution' of  (ai3)3CilCrai(CV’2)8ai=CISi(ai3)3,  (a!3)3SilC--GR(a^,)io3i=CI5i- 
(^3)3*  ^ ^3 ) 3^i^ C=CH ( CP2 ) ClUCISi ( Q’*3) 3  in  20  mL  of  methylene  chloride 

was  added  dropwlce.  The  reaction  mixture  was  stirred  for  1  h  ut  -20JC  and  for 
3  h  at  0°C.  Potassium  fluoride  (1.5  g)  and  25  mL  of  t-butanol  were  then  added 
and  the  mixture  was  stirred  for  3  h  at  ambient  temperature.  Methylene  chlo¬ 
ride  (100  mL)  was  added  and  the  solution  was  washed  with  five  100  mL  portions 
of  water,  dried  over  magnesium  sulfate  and  stripped  of  solvent.  The  residue, 
analyzed  by  GC,  was  shown  to  contain  1.3  S  of  HCsc(CF2)gC=CH,  O.73  g  of  HCaC- 
(CT^IO^8®  and  0.22  g  of  HC*C( CFgJ^CsQl  (total  yield  50$)*  Analytical  sam¬ 
ples  were  isolated  by  GC. 

Hexadecafluoro-l,ll-dodccadiyne,  HC£C(CF2)QC=C5i  was  a  colorless  liquid: 
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proton  NKR  (CDC13)  b  2.94  ppm  (t,  JHF*  4. 5  Hz,  CJi);  F  KMR  (CDC13)  <|i  102 


(a,  4  F,  CC-CF2),  122.8  (m,  8  F,  internal  fluorines)  and  12k  ppa  (a,  4  F,  ^J-CF^); 

IR  3355  (®),  2195  (CSC)  and  1190  cm'1  (CP2). 

Anal.  Cblcd  for  CigHgF^:  C,  32.02;  H,  0.45.  Found:  C,  32.44;  H,  O.55. 
Eicoeafluoro-1,  13-tetradecadiyne,  HCsc( was  tt  colorless  oil: 

'H  MMR  (CDCl3)i2.^  ppa  (t,  JHF=  4.5  H2,  CH);  19F  RMR  (CDCi-j)  <J>  102 
(a,  4  F,  oc-CFg),  122.8  (m,  12  F,  internal  F)  and  124.2  ppm  (m,  4  F,  /5-Q’2); 

IR  3355  (CH),  2200  (CSC)  and  1195  cm-1  (CF2). 

Anal.  Oalcd  for  C^HgF^:  C,  30.57;  H,  O.37;  F,  69  07.  Found:  C,  30.27; 

H,  O.38;  F,  68.84. 

Tetrae  1  cosaf luoro - 1 , 15  -  h  >.  xad  e cadi ync ,  H C-“C( CFp )  ^  C=  CH ,  was  a  white  solid 
ap  54-56°:  'h  MMR  (CDClj)  J2.04  (t,  JHF=  4.5  Hz,  □!);  ^9F  ( CDdo) 

(J)  102  (a,  4  F,  Of-CF^) ,  122.8  (a,  10  F,  internal  F)  and  124.2  pprr.  (m,  4  K,  ^-CF2); 
IR  3355  (CH),  2200.  (C-C)  and  lino  cm"  (CF„). 

Anal.  Culcd  for  cl6H2F;:4:  &hvM  H,  0.31;  F,  70.i3.  Found:  C,  29. 30; 

H,  0.31J  F,  70.23. 

3i3j4J4i5i5>6,6,7.7.818. 9, 9,9-Pentadecafluorononyne.  To  10.0  g  (0.0168  aol) 
of  3»3»**>lt>5,5,6,6,7,7,8,8,9,9J9.pentodecafluoro-l-iodo-l-(tri:.TethylGilyl)nonene 

in  60  nL  of  tetrahydrofuran  at  -25°C  was  added,  over  u  period  of  10  min,  5.6  mL 
(0.0505  nol)  of  DBU.  The  mixture  va3  stirred  at  -25°C  for  2  h  and  was  then 


filtered.  The  precipitate  was  washed  with  cold  pentane.  The  combined  organic 
solutions  were  washed  with  brine,  filtered  through  basic  alumina  and  distilled 
to  give  3.25  g  (39*)  of  80*  pure  (by  GC)  3, 3, 4, 4, 5, 5, 6, 6, 7, 7, 8,0, 9,9,9. penta- 
decafluorononyne  contaminated  with  silane  biproductc  (bp  120-155°C).  An  analy¬ 
tical  sample  was  isolated  by  GC  (78°C):  'H  NMR  (CDC13) h  2.93  (t,  J  -  6  Hz,sffl); 
l9?  1WR  (CDC13)  $  85. 1  (t,  J  10  Hz,  3  F,  CF3)  102.4  (m,  2  F,  -C-CF?),  113.4 


(m,  2  F,  CPg),  124.2  (a,  6  F,  CF2),  128.0  ppm  (m,  2  F,  CF2). 

Anal.  Chlcd  for  C^IF^:  C,  27.43;  H,  0.26.  Found:  C,  27-51;  H,  0.28. 

(E)-3.3.4t4,5«5»6,6,7.7>6>8,9.9»  9- Pentade caf luoro-1- iodo- 1- phenylnonene . 

A  mixture  of  3*0  c  (6.0  mmol)  of  perfluoroheptyl  iodide,  0.60  g  (6.0  mmol)  of 
phenylacetylene  and  O.'j  iaL  of  di-t-butyl  peroxide  was  scaled  in  a  glass  tube 
under  vacuum  and  vas  heated  for  43  h  at  120° C.  The  product  vas  dissolved  in 
methylene  chloride,  dried  over  ii-agnesium  sulfate  and  stripped  of  solvent  to 
give  3.24  g  (8<#)  of  essentially  pure  (E)-3,3,4,4,5,5,6,6,7,7,8,8,9,9,9-penta- 
decafluoro-l-iodo-l-phenylnoncne.  An  analytical  sumple  was  isolated  by  GC: 
mp  49-51°Cj  'fl  NMR  (CDC13) ^7.20  (s,  5  H,  C^H5),  6.51  ppm  (t,  JH,y=  12  He,  1  II, 
CH);  19F  NMR  (CDCL3)  <j>  85.6  (t,  3  F,  GF3)  108.0  (q,  2  F,  CF2),  123.6  (m,  2  F, 
CFg),  124.4  (m,  6  F,  CFg),  128.0  ppm  (m,  2  F,  CF2). 

Anal.  Chlcd  for  C^H^Fp;! :  C,  30.12;  H,  1.01;  F,  47.65;  I,  21.2?. 

Found:  C,  30.18,  H,  1.22;  F,  47-30;  I,  21.10. 

1-Phenylperf luarononyne ■  A  solution  of  3.0  c;  (5.04  mmol)  of  3, 3,4,4, 5, 5, 
6, 6, 7, 7, 8, 8, 9, 9, 9-pentadecaf luoro- 1- iodo- 1- phenylnonene  in  20  mL  of  dry  methy¬ 
lene  chloride  vas  added  dropvise  to  a  stirred  suspension  of  1.1  g  of  potassium 
t-butoxide  in  40  mL  of  dry  methylene  chloride  at  -20°C.  The  mixture  vas  stirred 
for  1  h  at  -20°C  and  for  2  h  at  0°C.  The  mixture  was  stirred  for  1  h  with  20  mL 
of  3  N  hydrochloric  acid.  The  organic  layer  was  washed  with  water  and  dried 
over  magnesium  sulfate.  Solvent  wa3  removed  to  give  1.34  g  (/8/0)  of  essen¬ 
tially  pure  1-phenylp  :rfluorononync.  An  analytics I  sample  war,  obtained  by  GC: 
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•H  NMR  (CDCl3)  ^7-33  PPin  (m,  5  n,  C^);  K  MMR  (COC.^)  ^  84.8  (t,  3  -S  CF3) 
100  (t,  2  F,  CFg),  122.8  (m,  2  I',  CFg),  124.0  (m,  6  !■’,  CFg) ,  12'(.C  ppn  (m,  2  F, 

C,  38*32;  H,  l.Of ;  F,  60. 61.  Found: 

20 


Anal.  Calcd  for  C-^H^F^: 


n 

•*> 


37-85; 


H,  1.1k;  F,  59-37. 

(E.E)-3.3.4,4,5,5,6,6,7,  y,  3, 6-Dodecal’leoro-2, 9 - bis( lodometnyldlmethyl- 

6ilyl)-l,10-bls(trimethylsilyl)-1.9-aecadlene.  A  mixture  of  3*7  S  (C.GG66  mol) 

of  1,6-diiodoperfluorohexane,  2.3  G  (0.0133  mol)  of  bin(trimethyisilyl)acety- 

lene  and  0.5  mL  of  di-t-butyl  peroxide  was  sealed  under  vacuum  in  a  heavy- 

walled  glass  tube  and  the  tube  heated  at  120° C  for  46  h.  The  mixture  was 

dissolved  In  50  mL  of  methylene  chloride,  washed  with  3-50  ml  portions  of 

water,  dried  over  magnesium  sulfate,  and  stripped  of  solvent  with  a  rotary 

evaporator  to  give  4.5  g  (75^)  of  essentially  pure  product  (NMR)  as  an  off- 

white  solid,  mp  62-68°C.  Rccryctallization  from  methanol  Qi^OH  afforded  an 

analytical  sample  mp  68-70°C:  'H  NMR  (  CDClj)  6.83  (br  e,  2  li,  CH),  2X8 
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(s,  4  H,  CHgl),  0.35  (s,  12  H,  ai3),  0.17  ppm  (s,  18  H,  CKj);  F  NMR  (CDC13 
f  104.4  (m,  4  F,  CF2),  120.4  (m,  4  F,  CF2),  123-2  ppm  (m,  4  F,  CFg). 

Anal.  Calcd  for  :  °>  4. 06;  1,  28.37-  Found: 

c,  29.36;  H,  4.37;  1,  87-99. 

(E)-3,3.4,4,5,  5,  S-I’.eptafl!  :oro-2-  ( iodoineth.vl)dIinethylslly.l-l-triniothylsilyl- 
pentene.  By  the  above  procedure,  0.300  g  (0.001  mol)  of  pcrfluoropropyl 
iodide,  0.170  g  (0.001  mol)  of  bio(triroethylsilyl)acetylene  and  O.25  ml  of 
dl-t-butyl  peroxide  gave  0.40  g  (84$)  of  the  title  compound.  An  analytical 
sample  was  isolated  by  GC:  ’ll  NMR  (CUCI3)  <*6.65  (br  s,  1  H,  CH),  2.07  (s,- 
2  H,  CHgl),  0.37  (s,  6  H,  CH3),  0.l8  ppm  (s,  9  B,  CHj);  19F  NMR  (CDC13)  j> 

84.8  (t,  3  F,  CF3),  105.2  (d,  2  F,  CFg),  124.8  ppm  (s,  2  F,  CFg). 

Anal.  Chlcd  for  C11H10F^lGi2 :  C,  28.33;  Hf  3-89;  F,  28.52;  I,  27.21. 
Found:  C,  28.12;  H,  3-77;  F,  83.52;  I,  27-45- 


fee 
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(E)“3>3>4,4,5,5>6> 6>7j7> 8,  8, 9i 9> 9-Pentadecaf luoro-2- ( iodomethyl)diinethyl- 
•llyl-l-triaethylsllyinonene.  By  the  above  procedure,  0.50  g  (0.001  mol)  of 
perfluoroheptyl  Iodide,  0.170  g  (0.001  mol)  of  bis(trimethylsilyl)acetylene  and 
0.25  bL  of  di-t-butyi  peroxide  gave  O.56  g  (85$)  of  the  title  compound.  An 
analytical  sample  vas  isolated  by  GC:  '.!  AllR  (CDCl^)  £  6.71  (br  c,  1  H,  CH), 

2.05  (s,  2  H,  CRgI) ,  °*33  (s,  6  I,  CK^),  0.  16  ppm  (s,  9  H,  Cli^) ;  1Cj,F  It'S  (CDCl^) 

{>  85.2  (t,  3  F,  GF3),  104.4  (a,  2  F,  CF2),  120.4  (a,  2  F,  CIV,),  123-6  (in,  6  F, 
CF2),  127.6  ppm  (m,  2  F,  CF2);  IR  (film)  3010  (Oij),  1200  cm-1  (CF2). 

Anal,  Oiled  for  C^H^F  ^ISip :  c,  27.04;  H,  2.72;  F,  42.77;  I,  19-04. 
Found;  C,  27-14;  H,  2. 78;  F,  42.54;  I,  18.91. 

1, 12-Bls(triciethylsilyl);:-..-rfluoro-l,  ll-dodocadlyne.  A  m.-avy- walled  -ily- 
lated  glass  tube,  loaded  with  4.2  g  (0.025  nol)  of  bio(triraethylsilyl)acutylene, 
5-0  g  (O.OO765  mol)  of  1,8-diiodoperfluorooctanc  and  0.024  g  (0.0001  mol)  of 
iodine,  was  evacuated  at  -78 °C,  filled  with  nitrogen,  and  sealed.  The  tube  vas 
heated  at  200°C  for  57  li.  Bulb-to-bulb  distillation  at  90-l.l0°C  (0. 02  to  0.05  ram) 
Gave  3.91  e  (86£)  of  1, 12-bic(trimethylsilyl)perfluorodod  eca -1,11-dlyne  as  a 
pink  liquid  (>97^  pure  by  GC).  An  analytical  sample  vas  obtained  by  prepara¬ 
tive  GC  at  125°C;  'll  AMR  (CDC1,,  CSigClg )  Jo.  37  ppm  (s,  -Sid'.);  1’  im 

(CDC13,CFC13)  ^  100.8  (m,  4  F,  -OF,  CSC),  123-2  (:«,  8  F,  CKr > ,  124.3  pp„  (M, 

4  F,  CF2);  IR  (film)  30CO  (SiK.3),  (SiMs3),  22;-, 0  (C-0),  1200  cm'Vvj,). 

Anal.  Qalcd  for  ^}2^l8!' :  36-37;  R,  3.05;  F,  51-13-  Found:  C, 

36.18;  H,  3-00;  F,  50.90. 


ft. 3,4, 4, 5, 5.6,6,7,71s, 8, 9.  9.10. 10-Hexadecafluoro-l, 11-dodecadlyne.  A 

mixture  of  38  4  g  (0.0646  mol)  of  1,  UJ-bis^rimethylsilylJperfluoro-^ll-do- 

decadiyne,  6O.7  g  (0.646  ool)  of  potassium  fluoride  dihydrate  and  150  mL  of 

methanol  was  stirred  at  room  temperature  for  20  h.  Saturated  sodium  chloride 

solution  and  ether  were  added  and  the  phases  were  separated.  The  aqueous 

phase  was  extracted  several  times  with  ether  and  the  combined  ether  solutions 

were  washed  with  brine,  dried  over  magnesium  sulfate  and  distilled  to  give 

23.0  g  (79J ()  of  the  diacetylene  as  a  pale  pink  liquid:  bp  85-90°C  (30  mm); 
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•H  »f»  (CDClj)  £2.94  ppm  (t,  JFF  =  4.5  Hz,  C=C-ll);  F  HMR  (CDCl^ 

^  102.0  (m,  4  F,  CF2C£),  122.8  (m,  8  F,  sCFgCFU),  124.0  ppm  (in,  4  F, 
«CCF2CF2GF2CJ^)j  IR  (film)  3355  (CTH),  2195  (C=C),  1190  cm"1  (GF^). 

Anal.  Qalcd  for  C^HgF^:  C,  32.02;  H,  0.45;  F,  67-53-  Found:  C, 
32.44;  H,  0.55;  F,  65.56. 

1-Trlmethylsilylperfluorononync.  A  mixture  of  11.8  g  (0.070  mrnoi)  of 

bis (trimethylsilyl) acetylene,  30.0  g  (0.060  mol)  of  perflu^roh* ptyi 

and  0.022  g  (0.00009  mol)  of  iodine  was  heated  for  71  h  at  200° C  in  a  Monel 

bond).  The  product  was  dissolved  in  methylene  chloride,  washed  with  sodium 

thiosulfate  solution,  dried  and  distilled  to  give  18.4  g  (65^)  of  1-trimethyl- 

silylnonyne,  bp  39-4o°C  (0.27  0.37  ora)  :  ‘H  NMR  (CDCl^,  CH2C12)^0.15  ppm  (s, 
19  1 

9  H,  SiCKj);  F  NMR  (CDCl3)  f  65.6  (t,  J  -  10  Hz,  3  F,  CF3),  101.2  (t, 

J  »8Hz,  2  F,-CF2Ci),  122.8  (m,  2  F,  CPg),  124.0  (a,  6  F,  CP2),  127-6  ppm  (m, 
2  F,  CFg);  IR  (film)  3000  (SiCHj),  2940  (SiCHj),  2230  (C*C),  1200  (CF2),  860 

cm'1  (SiCHj). 

Anal.  Chlcd  for  C^gH^F^Si:  C,  30.91;  H»  1.94.  Found:  C,  30. 98;  H, 

1.68. 
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1-Tr-t"* thvlBllylperfluorooctyncr  1-Trlmethylsilylperfluorodecyne  and  1- 
Tr1^»thyl*llyiperfluorododecync .  A  commercial  mixture  of  perfluoroalkyl  io¬ 
dide*  (Cr3CF2(CF2CP,2)2.5_I*  Hoechfit  perfluoroalkyljodid  25)  «as  subjected  to 
the  above  reaction.  Thus,  26. 7  g  of  the  mixture  was  heated  with  10.0  g  of  bis- 
(trimethylsilyl)acetylene  and  0.12  g  of  iodine  for  66  h  at  200°C.  Kugelrohr 
distillation  (25-75°C,  0.1-0.02  tm)  gave  21.7  g  of  a  mixture  of  the  trimethyl - 
silylacetylenes .  Samples  of  the  three  najor  components  were  isolated  by  prepa¬ 
rative  GC  at  80°C.  1 -Trimethylsilylperfluorooctyne  was  a  colorless  liquid: 

'H  MR  (CDClj)  $  O.kk  ppa  (s,  -CH^);  F  NMR  (CDCl^  )  <j> 

06.1  (a,  3  F,  -CF3),  102.1  (t,  0  =11  Hz,  2  F,  -CFgCs),  124. 4  (in,  2  F,  CJ^CT^C*), 
125.6  (m,  4  F,  CF3CF2^c?j2-)»  129-0  ppm  (m,  2  F,  CF3CF2-);  1R  (film)  3000  (C-H), 
2230  (OC),  1200  (CF2),  660  cm’1  (SiCHj). 

Anal.  Cblcd  for  C,  31-74;  H,  2.18;  P,  59-33-  Found:  C, 

31.60;  H,  2.22;  F,  59-12- 

1-Trioethylsilylperf luorodecyne  was  a  colorless  liquid:  'H  MMR  ( CDC1-  ) 

-  19  J 

JO. 35  ppm  (s,  CB3)j  F  NMR  (CDCl^)  (ji  86.2  (t,  J  =  10  Hz, 

3  F,  -CF3),  102.2  (t,J=  11  Hz,  2  F,  -CFgCa),  125.2  (m,  10  F,  CFjCFg  (CF2)5), 

129.2  ppm  (m,  2  F,  CFjffg):  IR  (film)  3010  ( C-H), '2250  (C--C),  1200  (CF,,) 

860  cm"1  (SiCH3). 

Anal.  Cblcd  for  C^H^F-^Si:  C,  30.24;  H,  I.76;  F,  62.56.  Found:  C, 
30.13;  H,  1.77;  f,  62.80. 

1-Trimethylsilylperfluorododecyne  was  a  colorless  liquid:  'll  NMR  (CDCI3) 
Jo.4o  ppm  (  s,  -CH3);  X9¥  NMR  (CDC13,  CFCl^  <j>  86.0  (t,  J  =  10  Hz, 

3  F,  -CF^),  102.0  (m,  2  F,  -CF^CS),  124.8  (m,  14  F,  CFg),  128.9  ppm  (ra,  2  F, 
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-Cf^CFj);  IR  (film)  3020  (CH),  2250  ( C*C) ,  1200  (CF2),  860  cm*1  (SICHj). 

Anal.  CSalcd  for  C^H^F^Si:  C,  29-23;  H,  1.47;  F,  64.74.  Found:  C, 

28.59;  B,  1.53;  F,  63.71. 

Reaction  of  l-(Trinaethylsllyl)perfluorononyne  with  Methanol.  A  mixture 
of  0.40  g  (0.86  nmol)  of  l-(tri:?)ethylsilyl)perfluorononyr.e,  0.6  g  (4.3  nmol) 
of  anhydrous  potassium  carbonate  and  1.5  ml.  of  methanol  was  stirred  at  room 
temperature  under  nitrogen  for  15  h.  Water  was  added  und  tue  product  was 
extracted  into  ether.  The  ether  solution  was  washed  with  water,  dried  over  n&gne- 
sIub  sulfate  and  stripped  of  solvent  to  give  O.33  g  of  a  7.3:1  mixture  (by  GC) 
of  l,l-dimethoxy-3,3,4,4,5,5,6,6,7,7,8,8,9,9,9-pcntadecafluorononane  (73'J»)  and 
l-nethoxy-3,3>4,4,5,5,6,6,7,7,8,8,9,9,9-pentadecafluorononene  U$).  The  mix¬ 
ture  vas  separated  by  preparative  GC  at  60°C.  The  olefin  consisted  of  a  5.8:1 
mixture  of  Z  and  E  isomers;  an  analytical  sample  of  the  major  isomer  was  iso¬ 
lated  as  a  colorless  liquid:  ‘h  1C®  (CDClj)  6.31  (d  t,  JIJH  *  7.2  Hz,  .  1.8  Hz, 

1  H,  OQIOMe),  4,44  (d  t,  Jyjj  “  7*2  Hz,  Jjjp  =  15  Hz,  1  li,  CFpCHs),  3*77  ppm  (s,  3  B, 
19 

0CH3);  F  NMR  (CDC13)  $  85.2  (t,  J  -  10  Hz,  3  F,  C?3),  108.8  (q,  J  -  23  Hz,  2  F, 
CFgCH«),  124.2  (a,  6  F,  CFg),  125-6  (m,  2  F,  CF2),  128.0  (m,  2  F,  CF2). 

Anal.  Chlcd  for  CioH^Fj^O:  C,  28.19;  H,  1.18.  Found:  C,  28.29;  H, 

1.15. 

TOie  dioethoxy  compound  was  icolated  as  a  colorless  liquid:  ’h  IJMR  (CDCi^) 

<£4.76  (t,  J  =  6  Hz,  1  K,  aUOl(OMe)2),  3.30  (e,  6  11,  0C1I  ),  2.40  ppm  (:..,  2  It, 

•19  J 

CFgfflg);  F  NMR  (CDC13)  {>  85.2  (t,  J  *=  10  Hz,  3  F,  CFj)  124.2  (a,  10  F,  CF  ), 

128.0  ppm  (m,  2  F,  CF„). 

C. 

Anal.  Calcd  for  9f15°25  C'  28.84;  H,  1.98;  F,  62.20.  Found:  0, 

28.62;  H,  1.86;  F,  62.39* 
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Reaction  of  1,4-Dllodoperfluorobutane  with  Bis(triniethylsllyl)acetylene. 
A  mixture  of  4l  g  (0.024  mol)  of  bis ( trimethylsi lyl) acetylene ,  io.O  g  (0.022 
mol)  of  1,4-diiodoperfluorobutane  and  0.11  g  (0.00044  mol)  of  iodine  was  heat¬ 
ed  by  the  above  procedure  for  70  h  at  200°C.  Bulb-to-bulb  distillation  (30- 
50°c,  0.12  mm,  -78° C  receiver)  gave  J.6  g  (8l^>)  of  the  cyclic  adduct  as  a 

purple  liquid.  An  analytical  sample  was  isolated  by  preparative  GC  (115°C) : 

.  ,  19 

H  10®  (CDClj  <>0.50  ppm  (t,  «  1  Hz,  9  H,  SiCH3),  F  MMR  (CDC13) 

104.4  (m,  2  F,  CJPg),  113.6  (a,  2  F,  CFg),  135-2  (m,  2  F,  CFg),  136.8  ppm  (a, 

2  F,  CFg)j  1R  (film)  3000  (SiMe  ),  2940  (SiMe^,  1590  cm  (C=C). 

Ami.  Chlcd  for  CgH^FglSi:  C,  25-49;  H,  2.14;  F,  35-82;  I,  29-92- 
Found:  C,  25.27;  H,  2.11;  F,  36.02;  I,  30.27- 

Reaction  of  1,6-Dilodoperfluorohexane  with  Bls( trlmethylsilyl )acetylene. 
A  mixture  of  1.24  g  (0.0073  mol)  of  bis(trimethylsilyl)acetylene,  2.0  g 
(O.OO36  mol)  of  1,6-diiodoperf luorohexane  and  0.12  g  (0.0005  mol)  of  iodine 
was  heated  by  the  above  procedure  for  24  h  at  200°C.  Bulb-to-bulb  distilla¬ 
tion  of  the  product  (70-84°C,  0.02-0.03  mm)  gave  1.09  g  of  liquid  6hown  by  GC 
to  contain  O.65  g  (36^)  of  l,10-bis(trimethylsilyl)perfluoro-l,9-decadiyne  and 
0.22  g  (12$)  of  the  cyclic  adduct  (see  discussion).  Analytical  samples  were 
isolated  by  GC  at  105°0-  The  latter  was  isolated  as  a  pale  orange  liquid: 

•H  HMR  (CDClj)  ifo. 55  ppn  (t,  J  =  1  Hz,  -Si(OI3)3);  19F  NMR  (CDCl-j)  $>  97.6 
(m,  2  F,  CF2C»C,  105.4  (ra,  2  F.  C?2C=C),  124.2  (m,  2  F,  CFg),  126.5  (m,  2  F, 
CP2),  129.6  (m,  2  F,  CF2),  130. 4  ppra  (m,  2  F,  CFg);  IR  (film)  30C0  (-Si'.tej), 
2940  (-Si*te3),  1550  cm'1  (OC). 

Anal.  Calcd  for  C^^F^ISi:  C,  25.20;  H,  1-73;  F,  43.49;  I,  24.21. 
Found:  C,  24.97;  H,  l.?0;  F,  43.62;  I,  24.38. 
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1 , 10-bis ( trimethy le i ly  1 )  pcrf luoro- 1 , 9- de cad iy no  vas  isolated  an  a  pale 
pink  liquid;  'H  KMR  (CDCl)  6  0.27  ppm  (s,  l8  H,  -SiOl^);  19F  NMR  (CDCl^  <j> 
101.3  (®>  4  F,  -C£C-CF2),  123.4  (a,  4  F,  CP,,),  124. 8  ppm  (m,  4  F,  CFp);  IR 
(film)  3000  (SiMe3),  2940  (SiMe^),  2220  (C'C),  120J  (CFg),  Q60  cm’1  (SiMej). 

Anal.  Chlcd  for  C^H^F^Sig :  C,  38-26;  H,  3.67;  F,  46.11.  Found: 

C,  38.72 ;  H,  3-67;  F,  46.25. 
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